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INTRODUCTION 
Weeds are among the greatest contributors to food pro-
duction costs. There is an estimated annual loss of five 
billion dollars due to weeds in the agricultural industry. 
No comparable figure is available for the horticultural 
industry but this loss is believed to equal the total loss 
attributed to insect and disease injury. In certain years, 
a small growth of weeds may reduce crop quality and yield 
twenty to fifty per cent because of competition :for water, 
light, and mineral nutrients. This significant effect of 
weed growth has contributed to increased production coats, 
and to a lower margin of profit to the producer. Appr aisals 
of existing cultural methods together with intensive inves-
tigation of new techniques in weed control have been initi-
ated by many workers. 
This investigation was designed to study interaction 
and main ef'fects of cultivation, herbicide application and 
black polyethylene mulch on two types of tomato plants in 
terms of treatment efficiency, crop performance and produc-
tion cost. 
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REVIEW OF LITERATURE 
Cultivation 
The standard method of weed control in vegetable crops 
has been cultivation. Thompson et al. (26) state that the 
main purpose of cultiva tion is weed control and that to con-
tinue cultiva ting when there are no weeds results in unnec-
essary labor and expense. Such cultivation also may reduce 
plant growth by reducing uptake of moisture or nutrients 
from the surface three or four inches of soil. It was fur-
ther noted that cultivation did not increase yields in the 
absence of weeds. Mosier and Gustafson (22) reported that 
heavy weed growth reduced the average yield of corn from 
45.9 bushels to 7.3 bushels per acre. According to Edmond 
et al. (9) the type of soil must be considered. On loose, 
somewhat s elf-mulching soil, cultivation appeared to have 
no value except tha t of weed control. Cultivation of tight, 
self-crusting soil seemed to inorease the soil moisture and 
nitrate supply. 
Chemic~l weed control 
It has been stated by Beatty (2) tha t the coat of f arm 
and garden labor has increased four hundred per cent in the 
l as t twenty-five years, and that fewer men a.re available for 
such work. A portion of this cost increase must be attrib-
uted to control of weeds through cultivation and hand labor . 
Therefore, it has been necessary to investigate methods of 
weed control other than by cultivation. Selective herbi-
cides eventually may offer grass and broadleaved weed con-
trol for all commercial vegetable crops. Labor requirements 
for weed control in cotton have been reduced by fifteen to 
thirty-five man-hours per acre through the use of herbicides 
(2). In Oregon, control of big sagebrush (Artemisia 
tridentata) with herbicides costing $2.25 to $;.25 per acre 
has given a net annual gain estimated at $1.68 per acre. 
Ennis (13) points out tha t such a trea tment applied on one-
fourth of the ninety-six million acres of range infested 
with sagebrush would result in an annual gain of over forty 
million dollars. 
At present, chemical weed control in vegetable crops is 
often unreliable . Many herbioides are applied as pre-emer- 01:_ 
:..J 
gence treatments to avoid crop injury. Thes·e materials must 
have high residual activity, and this residual property must 
be tolerated by the crop. At the s e time the material 
must be present in sufficient concentration to kill the 
weeds. Factors such as soil structure, soil moisture and 
subsequent rainfall influence the effectiveness of herbi-
cides. Selection of an herbicide for use in tomato produc-
tion is limited. No truly selective chemical has been intro-
duced to control a majority of the important weeds found in 
the tomato field without causing damage to this sensitive 
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plant. Therefore, effective use of these chemical s has been 
limited to applica tions after the crop has become established 
in order to avoid injury. Such a chemical mus t avoid direct 
injury to the toma to but be active i n killing germina ting 
weeds and be highly resistant to movement in the soil. One 
such chemical, Simazine, has given variable results when ~ 
\ , 
used as a pre-emergence herbicide in toma to fields. Results 
indicate satisfactory weed contr ol a t low r a tes o:f applica-
tion (15). However, Hemphill (17 ) f ound that a two-pounds-
per-acre r ate resulted in chlorosis and stunting. A one-
pound-per-acre application caused little injury but gave 
inadequate weed control. 
Mulching 
Cultural opera tions in commercial tomato production are 
designed to increa se yield , earliness and/or quality, as well 
as to reduce l abor costs. One such operation involves the 
applica tion of mulch to field-grown pl ants. Many ma terial s 
may be used for mulching but some are more suitable r ·or hor-
ticultura l purpos e s than others. The r ange extends from nat-
ural substances such as pl an t residues to manufactured mate-
rial s including asphalt paper and polyethylene plastic. The 
applioa tion of a mulch to horticultural crops is a method of 
weed oontrol t hat has been a subject f or research for well 
over half a century. .During the period be tween 1925 and 1935 
research workers carried on a number of experiments with 
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mulching materials. This was due largely to the introduc-
tion of paper mulch. Conflicting reports concerning the 
advantages of mulching may be found in the literature. It 
has been established that the crop environment may be modi-
fied in a great number of ways by use of a mulch. Most 
mulches serve to conserve moisture, to suppress weeds, and 
to modify soil temperatures (25). Of these, the most out-
standing advantages of mulching are suppression of weeds and 
consequent saving of labor in cultivation. Efficient weed 
control, however, depends primarily on the correct choice 
and use of mulch material. 
For suppression of annual weeds, not less than ten tons 
of straw per acre are required, giving a layer eight to ten 
inches thick when freshly applied and about four inches when 
settled (4). A 1931 study in .Pennsylvania showed that toma-
toes mulched with straw produced 21.4 tons per acre compared 
to 15 . l tons for the unmulched crop (9, p. 213). Similar 
results were obtained in Missouri (24). In Nebraska, 
Emerson (10) reported that straw mulohing was generally 
beneficial to tomatoes, but early application of the mulch 
tended to retard early growth and thereby reduce yields. 
Several studies have shown a detrimental effect o! straw on 
poor soils. Gourley and fagruder (16) noted that the ni tro-
gen deficiency induced by mulching may more than off set the 
beneficial modification of environmental conditions. This 
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nitrogen deficiency was shown in a trial of straw mulch ap-
plied annually at the rate of seven tons per a.ere to soil of 
low fertility. Tomato yields were reduced on the average by 
fourteen per cent, and symptoms of nitrogen deficiency were 
apparent. Tomatoes under a straw mulch generally grow more 
slowly than those under clean cultivation. Emerson (10), 
Isenberg and Odland (18), and Werner (28) have r eported 
small plant size and light green foliage in mulched plots. 
This retarda tion of growth appears to be due to the cool 
soil 0011di tions, poor aeration and reduced nitrate supply. 
Despite the reduction of top growth, root growth appears to 
be stimulated. Isenberg and Odland (18) found that the 
feeding roots of the tomato grew extensively in the upper 
five- to six-inch layer of soil under organic mulches, where-
as in cultivated soil they were mainly below that depth be-
cause of limited moisture in the soil immedia tely below the 
surface. Thus the roots of mulched plants appeared to be in 
a favorable environment in terms of aeration, moisture, and 
nutrient availability. Many workers have reported tha t low 
yields were obtained from straw-mulched tomatoes during the 
early part of the season (18, 24, 27). 
Sawdust is another material tha t has been used exten-
sively for mulching. Judkins (20) claimed that a one-inch 
layer of the material i s sufficient to control broadleaf 
weeds. Reports from Canada (14), however, indicate that a 
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depth of at least two inches is required to control annual 
weeds. Clarkson and Frazier (8) reported that sawdust was 
not an effective mulch under the conditions that existed in 
the Pacific Northwest. Sawdust appears to have an effect 
similar to straw mulch in oonserving moisture, reducing soil 
temperatures during warm periods and producing nitrogen defi-
ciency. Tests in Alabama by Johnson (19) showed that saw-
dust could be applied as a mulch without hanidul effects if 
sufficient nitrogen were added. These findings were in 
agreement with those of Albrecht (1) and Bushnell and Welton 
(5). Plants grown under sawdust mulch also were observed to 
grow more slowly and ripen later, to remain smaller and 
lighter green in color, and to have better developed root 
systems than was found with plants grown under cultivated 
conditions. In a series of experiments in British Columbia, 
Webster (27) reported that mulching increased the peroenta.ge 
of first grade fruits in two sea.sons but deoreased it 1n a 
third. In .New Zealand, the quality of sawdust-mu.lolled toma-
toes seemed to be superior in the first year of mulching on 
plots receiving three applioationa of nitrogen (7). In suc-
ceeding yea.rs, with no further a.pplioation of sawdust, qual-
ity was found to be generally poor and did not improve until 
the fourth year. 
During the late twenties and early thirties the use of 
pa.per impregnated with asphalt was widely advocated as a 
8 
mulch f'or tomatoes. It was thought that improved yield and 
quality resulting from the warm , moist, weed-free oonditions 
under paper would justify the high cost of material and la-
bor for mulching . Subsequent experiments, with some excep-
tions , have given f avorable responses. On clay soil, mulch-
ing consistently resulted in improved growth and yield. 
This was attributed by MeCubbin and Westover (21) to weed 
control and increases in soil moisture and soil temperature. 
On sandy soil, however, no significant difference was ob-
served in growth or yield. It was thought that this was due 
to possibly injurious high tempera tures under the paper. 
Boresch (3) found that paper mulch reduced the number of 
days required for maturity in late varieties. Among early 
varieties, having a low hea t requirement, no difference was 
observed. 
No single method of mulching has become firmly estab-
lished in commercial tomato production. In reaent year s , 
experiments have been largely concerned with the use of 
black polyethylene plastic. Clarkson and Fra zier (8) report 
improved weed control, soil moisture conservation, crop 
yields and fruit-dise ase control in warm season horticul-
tural crops resulting from polyethylene mulch. Emmert (11) 
reports the following benefits of polyethylene mulch on min-
eral loam soils: control of weeds in the row with no danger 
to the crop, increase in soil temperature of five to ten 
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degrees, reduction in crusting and packing of the soil, de-
crease in water loss, and reduction in disease. The us e of 
this material is limited to some extent by its cost. Fur-
thermore, there is some inconvenience in application and 
removal. Carolus and Downes (f>) found that early yields o:f 
the variety Fireball were sixty to sixty-five per cent 
higher under plastic than on uncovered ground. 
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MATERIALS AND ~IETHODS 
Greenbouse experi ment 
An exploratory experiment was conducted in the green-
house in January and February, 1959. fhe purpos e of this 
study was to determine the effeot of elapsed time between 
trea tment and transplanting on plant survival for several 
concentrations of a chosen herbicide. 
One each of ten s ix-inch pots was sown with the tomato 
variety, Firebal1, on alterna te days beginning January 22. 
On Febr uary 25, five 14" x 20" x 2~0 flats were filled with 
Clarion Webster soil. This soil was used in place of a 
greenhouse mix in order to simulate more closely the condi-
tions found in f ield plots in Ames . One e ach of these flats 
was s pr ayed with t wo, three, four and .five pounds per acre (V' 
--,,. 
r a tes of Sima zine, 2-chloro-4,6-bis (eteylamino)-S-tria.zine, 
aot1ve i ngredient. The remaining fl a t was left untreated as 
a check. One day following this trea t ment, seven s eedlings 
were transplanted to each fla t using the tomatoes sown on 
J anuary 22. Subsequent transplanting from pots sown on 
alterna te days was done in a similar manner. Therefore, 
each group of transplants was of compar able age in terms of 
number of days from seeding . 
Field e~periment 
The field trial was arranged in a split-plot design con-
sis ting of four replicate s . Each replica te was divided i nto 
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three main plots differing in cultural treatment. Black 
polyethylene plastic, 1.5 mils. x 48" , was used as one 
treatment. The second main plot was cultivated and hoed in 
the normal manner, and the third was left unmulehed and un-
oul tivated. In such a design it was felt that it would be 
possible to eliminate one of the main plots, if necessary, 
with little reduction in effioienoy of the experiment. The 
key-out for analysis of the complete design i s as follows. 
Source of varianQe 
Between replicates 
Cultural treatments 
Error (a) 
Plant habit 
Herbicide r ates 
Habit x r ates 
Main plot total 
Habit x cultural treatments 
Rates x cultural treatments 
Habit x cultural treatments x rates 
Error (b) 
Sub-plot total 
Total 
Degree a of treed om 
3 
2 
6 
ll 
l 
2 
2 
2 
4 
4 
4 5 
60 
71 
Three days prior to planting the crop a 10-20-10 anal-
ysis fertilizer was applied to the experimental area at the 
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rate of 300 pounds per acre banded in the row. On May 16, 
the herbicide was applied at three and six pounds per acre 
with a pressure regulator knapsack sprayer whioh developed 
a pressure of 25 p.s.i. within the line. Calibration tests 
indica ted that the solution was applied at the rate of 75 
gallons per acre. Since greenhouse tests had indicated 
plant injury when in contact with Simazine, the material waa 
applied in bands on either side of the row. The nozzle of 
the sprayer was set to deliver an 18" band centered 21" from 
the row. Little of the treated soil would be expected to 
come in contact with the plant roots to cause injury. The 
third trea tment waa an unsprayed plot to serve as a check. 
Following application of Simazine the plastic was laid by 
hand on the designated plots. 
:Plants of a determinate variety (Fireball) and an in-
determinate variety (Glamour) were grown in 211 x 2" vita-
bands and transplanted to the field on May 18. The spacing 
consisted of 6' between rows and 3' within the row. Ea.ah 
plot contained twelve plants of which the two terminal 
plants served as guards. Guard rows also were planted be-
tween ea.eh plot to reduce competition between determinate 
and indeterminate plants and to minimize the chance of drift 
between adjacent treatments. Before harvesting, the guard 
plants in each plot were removed. During the growing season 
the designa ted plots were cultivated by tractor-mounted 
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equipment as requi red. The area between the plants was hoed 
and weeded by hand. 
Measurements of the extent of weed control were made 
during the growing season and responses of the crop and 
weeds were noted and recorded. Counts of weed popula tion 
were made on a per plant and per plot basis with a l' x l' 
quadrate. Measurements on a per plant basis were made by 
averaging a. series of ten weed counts each of which included 
a single tomato plant. I t was felt that such a count might 
reveal the effeet of plant habit as well as cultural treat-
ment on weed population. Measurement of weed population on 
a per plot basis involved a series of ten counts in areas 
ad j acent to the crop row. Since the Simazine had been ap-
plied in bands in this area, the per plot data was thought 
to be the most accurate estimate of chemical effectiveness. 
Evaluation of the effectiveness of each treatment in con-
trolling weeds was based upon size and number in the surviv-
ing weed population and upon the relative percentages of 
gras ses and broadle aved weeds present. The vegeta tive re-
sponse of the crop was measured in terms of total yield, 
early yield, and fruit size. 
Tomatoes were harvested weekly, counted and graded into 
U. S. No. l and cull fruits. The l as t picking of the season 
a lso included mature greens. Fruit picked before August 20 
was termed early fruit and an average price of 10 cents per 
14 
pound was obtained . The average price procured for fruit 
harvested subsequent to August 20 was 8 cents per pound. 
The cost accounting included expenses of labor, materials 
and cultivation based upon the standard eosts prevailing 
in Iowa. 
15 
EXPERIMENTAL RESULTS 
Greenhouse experiment 
Results showed tha.t all application rates of Simazine 
severely injured and in many eases killed the seedling toma-
toes. Six days after transplanting into flats treated with 
four and five pounds per acre rates, all of the seedlings 
were killed. The time or application relative to trans-
planti ng date apparently influenced the appearance of injury 
symptoms. Those plants transplanted one day after applica-
tion showed injury within six days. Those transplanted sev-
enteen days after applicati on grew normally for eleven days 
befor e any symptoms of herbicide injury appeared. Seedlings 
transplanted twenty-one days after application remained 
without evidenoe of injury for seventeen days. · Those in the 
untreated flat remained healthy and continued to grow vigor-
ously. Figure 1 shows the progr essive effect of Simazine as 
the number of days between treatment and transplanting in-
creased. Satisfactory weed control in all treated flats was 
obtained. No control of grass or broadleaved weeds was 
f ound in the check flat in spite of the dense shade provi ded 
by the tomato plants. 
This preliminary study was intended as a guide !or 
methods to be used in the field experiment. The chief con-
cern was to avoid injury that might result from direct con-
tact of the chemical with the tomato roots. The greenhouse 
16 
Figure l. Foreground: Effect of Simazine applied on 
February 25 at two pounds per a.ore on tomato 
seedlings transplanted on alternate days 
Background: Untreated plants transplanted 
on comparable dates 
(Photograph taken March 23, 1959) 
17 
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results, therefore, led to the banding of Sima zine on eaoh 
side of the orop row. Although time of application had the 
effect of accelerating or retarding pl"nt injury, this f ac-
tor was not considered of sufficient importance to warrant 
applying the herbicide at different times in t he field 
experiment. 
Field experiment 
Before transplanting the tomatoes on May 18, the plants 
showed a marked check in growth and manifested symptoms of 
phosphorus deficiency. A soluble phosphate fertilizer was 
applied without any resultant beneficial effects. These 
symptoms disappeared following field planting. It was con-
cluded that the check in growth resulted from poor rooting 
conditions present in the 2u x 2" paper bands. :Plants grown 
under plastic became established more quickly and appeared 
to grow more vigorously than those in the other two main 
plots. However, in subsequent weeks the plants in culti-
vated plots became more vigorous than those grown under 
plastic. 
Table 1 presents the monthly air tempera tures in de-
grees Fahrenheit and monthly precipitation in inches for the 
1959 growing season. ~he mean air temperatures varied but 
slightly from normal. At the time of' herbicide application 
the soil was dry on the surface but moist at the depth of 
planting. During the fifteen-day period following chemical 
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Table 1. Monthly temperatures and precipitation recorded in 
Ames during the 1959 growing season 
Temperature in Precipitation 
degrees Fahrenheit in inches 
Month Max. Min. Mean Normal 1959 Total Normal 
May 87 35 61 60.4 8.47 4.03 
June 93 49 71 10.3 3.26 5.51 
July 90 48 69 75.2 2.15 3.19 
August 93 51 72 72.5 2.65 3.92 
applica tion, precipita tion amounted to 6.19 inches which was 
approximately one and one-half times the monthly normal. 
This heavy r ainfall may be of some significance in interpre-
t ation of results obtained in Simazine-treated plots. 
Weed popula tion The predominant weeds in the exper-
imental area were grasses (Setaria spp . ), pigweed (Amaranthus 
retroflexus), l a.mbsquarter (Chenopodiwn album) and purslane 
(Portulaca oleracea). As the season progressed the weeds 
ad j acent to the plastic became dominant and it was necessary 
to cut them to reduce competition for light with the crop. 
The weed population of the uncultiva ted main plot al so be-
came dominant and suppressed tomato plant growth. Therefore, 
it was decided to exclude this main plot f r om the analysis 
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for yield, earliness, and fruit size. However, this plot 
was included in weed count analyses. Variance analysis of 
average number of weeds on a per plant basis revealed sig-
nificance between cultural treatments. The means in Tables 
2, 3 and 4 show t hat the number of gras s and broadleaved 
weeds per tomato plant was lower in the mulched and culti-
vated plots than in the uncultiva ted plots. This differenoe 
was revealed also by the data pr esented in Table 5 showing 
the time requir ed to weed each toma to plant. No difference 
was found in the number of weeds present around determinate 
and indetermina te toma toes. Therefore, t he extent of vine 
growth under these conditions appeared to have no appreci-
able effect in reducing weed growth . 
Table 3 shows a statistical difference between herbi-
cide trea ted and untreated sub-plots within the uncultiva ted 
main plot in terms of number of grass weeds per plant. The 
reduction in the grass weed population did not result in an 
increase in tomato plant growth. It a ppeared tha t the popu-
l a tion of br oadl eaved weeds may have increased in these sub-
plots, as shown in Table 4. The da t a presented in Tables 6, 
7 and 8 a l so indicate some weed control action due to 
Sima zine. Fewer weeds were found in uncultiva ted plots 
treated with her bicide a t the per acre r ate of six pounds, 
in comparison with the check plots. However, the extent of 
control was not sufficient for practical use. It may, 
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Table 2. Average number of weeds per tomato plant in random 
samples from control and herbicide treated plots 
of mulched and un:mu.lohed,determinate and indeter-
minate tomatoes 
B.ate of active Simaz1ne 
1n J?Ounds Eer acre 
Treatment8 Plant type 0 
' 
6 Mean 
Plastic mulch Determinate ;.50 6.00 5.50 5.00 
Indeterminate 5.75 4.00 6.75 5.50 
Mean 4.62 ;.oo 6.12 5.2; 
Oultivated Determinate 7.75 9.25 5.75 7.58 
Indeterminate 5.50 3.75 ;.oo 4.08 
Mean 6.62 6.50 4.'.57 ;.a:; 
Uncultivated Determinate 36.00 21.25 24.00 27.08 
Indeterminate ;1.25 32.75 29.25 31.08 
Mean :;3.62 21.00 31.62 29.08 
Determinate mean 15.75 12.17 11.75 13.22 
Indeterminate mean 14.17 13.50 13.00 13.56 
Mean for experiment 14.96 12.84 12.38 1:;.39 
"L.S.D •• 05 between main plot means= 15.67. 
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Table 3. Average number of grass weeds per tome.to plant in 
random s amples from control and herbicide trea ted 
plots of mulched and unmulched, determina te and in-
determinate toma toes 
Rate of active Sima zine 
in pounds per acre a 
b Treatment Plant type 0 3 6 Mean 
Plastic mulch Determinate 1.25 2.00 2.00 1.75 
Indeterminate 1.50 2.00 3.25 2.25 
Mean 1.38 2.00 2.62 2.00 
Cultiva ted Determina te 5.25 4.75 2.75 4.25 
Indeterminate 3.75 2.00 1.50 2.41 
Mean 4.50 3. 38 2.13 3.33 
Uncultivated Determina te 26.00 16.00 18.00 20.00 
Indetermina te 24.25 26.00 20.25 23 .50 
Mean 25.13 21.00 19.13 21.75 
Determina te mean 10.83 7.58 7.58 8.67 
Indetermina te mean 9.s3 10.00 a.33 9. 39 
Mean for experiment 6.89 5.8G 5.30 6.02 
aL.S.D •• 05 between herbicide r ate means within main 
plot == 4.01. 
b L.S.D •• 05 between main plot means= 14.24. 
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Table 4. Average number of broadleaved weeds per tomato 
plant in random samples from control and herbicide 
treated plots of mulched and unmulched,determinate 
and indetermina te toma toes 
Treatmenta Plant type 
Plastio mulch Determina te 
Indeterminate 
Mean 
Cultivated Determinate 
Indeterminate 
Mean 
Uncultivated Determina te 
Indetermina te 
Mean 
Determinate mean 
Indeterminate mean 
Mean for experiment 
Rate of active Simazine 
in pounds per acre 
0 
2.25 
4.25 
3.25 
3 
4.00 
2.00 
3.00 
2.50 4.50 
1.75 
2.12 
i.75 
3.12 
s.2s 
6 Mean 
; .50 3.25 
3.00 
1.50 
2.25 
6.oo 
3. 33 
1.66 
2.50 
6.25 
1.00 6.75 9.00 7.58 
7.25 6.00 7.50 6.92 
4 .08 4.58 4.17 4.28 
4 .33 3.50 4.67 4.17 
4.21 4 .04 4.42 4.22 
aL.s.n •• 05 between main plot means= 2.47. 
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Table 5. Hand labor, in number of seconds per tomato plant, 
required to weed determina te and indeterminate 
tomatoes in mulched and unmulched plots 
Rate of active Simazine 
in pounds per acre 
Treatments. Plant type 0 3 6 Mean 
Plastic mulch Determinate 18.75 19.46 18.18 16.80 
Indeterminate 15.68 17.58 15.45 16.23 
Mean 17.21 18.53 16.81 16.51 
Cultivated Determinate 20.20 17.28 17.02 18.17 
Indeterminate 19.58 14.42 10.30 14.77 
Mean 19.89 15.85 13.66 16.47 
Uncultivated Determinate 57.38 58.55 58.22 58.05 
Indeterminate 54.52 93.18 54.28 61.;; 
Mean 55.95 75.86 56.25 62.69 
De termina te mean 32.11 31 .77 31.14 31.67 
Indeterminate mean 19.93 41.73 26.68 29.45 
Mean for experiment 26.02 36.75 28.91 30.56 
aL.S.D •• 05 between main plot means= 15.53. 
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Table 6. Average number of weeds per plot sample from con-
trol and herbicide trea ted plots o:f mulched and 
uncultivated, determinate and indeterminate toma-
toes 
Treatment :Plant type 
Plastic mulch Determinate 
Indetermina te 
Mean 
Uncultivated Determina te 
Indeterminate 
Mean 
Determina te mean 
Indetermina te mean 
Mean for experiment 
Rate of active Simazine 
in pounds per acrea 
0 6 Mean 
48.50 40 .75 44.25 44.50 
27.75 37.25 28.00 31.00 
38.12 39.00 36.12 37 .75 
62.00 29.25 29.00 40.08 
63.75 53.00 39 .00 51.92 
62.87 41.12 34.00 46.00 
55.25 35.00 36.63 42.29 
45.75 45.13 33 .50 41.46 
50.50 40.06 35.06 41.87 
aL.S.D •• 05 between herbicide rate means within main 
plot = 24.43. 
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Table 7. Aver age number of grass weeds per plot sample 
from control and herbicide treated plots of 
mulched and unoultivated,determinate and indeter-
minate tomatoes 
Treatment Plant type 
Plastic mulch Determinate 
Indeterminate 
Mean 
Uncultivated Determinate 
Indeterminate 
Mean 
Determi nate mean 
Indeterminate mean 
Mean for experiment 
Rate of active Si mazine 
in pounds per acrea 
O 3 6 Mean 
42.50 33.75 39 . 00 38.42 
22 . 00 31.25 23 . 00 25.42 
32.25 32.50 31.00 31 . 92 
40.25 14. 50 19.25 24. 66 
45.25 33 . 50 25.25 34.66 
42.75 24 . 00 22.25 29.66 
41.38 24.13 29.13 31 .55 
33 .63 32 . 38 24.13 30.05 
37.51 28 . 26 26.63 30 . 80 
a.L.S.D • • 05 between herbicide rate means within main 
plot= 14.27. 
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fable a. Average number of broadleaved weeds per plot sam-
ple from control and herbicide treated plots of 
mulched and uneult1vated,determ1nate and indeter-
minate tomatoes 
freatm.ent8 Plant type 
Plastic mulch Determinate 
Indeterminate 
Mean 
Uncultivated Determinate 
Indeterminate 
Mean 
Determinate mean 
Indeterminate mean 
Rate of active Simazine 
in Rounds E•r acre 
O 3 6 Mean 
6.00 7.00 5.25 6.08 
5.75 6.00 5.00 5.58 
s.88 6.so 5.12 5.s3 
21.75 14.75 9.75 15.41 
18.50 19.50 13.75 17.25 
20.12 17.12 11.75 16.33 
1,.88 10.88 7.50 16.13 
12.12 12.75 9.38 12.43 
Mean for experiment 13.00 11.81 8.44 16.62 
11L.s.D •• os between main plot means • 5.05. 
therefore, be concluded that herbicide application d.id not 
give sa.tisf'aotor;y weed control. 
Statistically significant first order interactions were 
shown between plant habit and cultural treatment and between 
herb10:14.e application and cultural treatment. The data 
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showed a reduction in weed population in uncultivated plots 
where det.erminate tomatoes were planted. Under normal eul-
tivat.ion heavy foliage cover might tend to reduce weed 
growth. In this instance, however, no relationship between 
weed growth and foliage cover was found. The interaction of 
herbioide application and cultural treatment was largelr the 
result of differences between Simazine treatments within the 
uncultivated main plot. It indicates that some active ingre-
dient was present but that it caused a response only under 
extremely high weed population .• 
The area. under plastic remained free of weeds through-
out the season, and the soil appeared to retain m0isture and 
structure. Moisture readings were taken in mid-July before 
and after a rainfall of 0.64 inches. !he results showed no 
difference between plastic-covered and uncovex-ed plots in 
the percentage of available moisture in the so.11 at a depth 
ot six to eight inches. Bo read1ngs were obtained during 
the extended period ot drouth in June. Visual observations 
indicated that a difference possibly existed at that time. 
Orop response 
Early yield Tables 9 and 10 show the effects 
of herbicide application, plant habit, mulching, and culti-
vation on earliness of tomato yield. As expected, the deter-
minate plants significantly outyielded indeterminate plants. 
This was probably due to a. genetic difference between the 
~/ 
\ 
Table 9. Effect of herbicide treatment on total early 
yields, in tons per acre, from plots of mulched 
and cultivated, determinate a.nd indeterminate 
tomatoes 
Treatment Plant type 8 
Plastic mulch Determinate 
Indeterminate 
Mean 
Cultivated Determinate 
Indeterminate 
Mean 
Determinate mean 
Indeterminate mean 
Mean for experiment 
Rate of active Simazine 
in pounds per acre 
0 6 Mean 
7.60 6.92 7.29 1.21 
2.50 2.42 2.50 2 .47 
5.05 4.67 4.89 4.87 
a . 12 1 . 29 7.85 7.75 
2.32 2 .30 2.12 2.24 
5.20 4.79 4.98 4.99 
7.86 7 .10 7.57 7.51 
2.41 2.36 2.31 2.36 
5.13 4 .73 4.94 4.93 
8 L. S.D •• 05 between plant habit means = 3.29. 
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Table 10. Effect of herbicide treatment on marketable 
early yields, in tons per acre, from plots of 
mulched and cultivated, determinate and inde-
terminate tomatoes 
Rate of active Sima.zine 
in pounds per acre 
Trea tment Plant type a 0 3 6 Mean 
Plastic mulch Determina te 5.50 5.89 s.ao 5.73 
Indetermina te 2.12 2.18 2.29 2.20 
Mean 3.a1 4.05 4 .05 3.96 
Cultiva ted Determinate 5.94 6.29 6.67 6.30 
Indetermi nate 1.72 1.71 i.ao 1.74 
Mean 3.a3 4 .00 4 .23 4 .02 
Determinate mean 5.72 6.09 6.23 6.01 
Indetermina te mean 1.92 1.94 2.04 1.97 
Mean for experiment 3 .a2 4.01 4.13 3.99 
8 L.S.D •• 05 between plant habit means~ 2.07 . 
two varieties and not to a direct ef:feot O·f plant habit. 
The increase in percentage of marketable tomatoes from inde-
terminate plants in comparison with the determinate variety 
may be explained by the high degree of oraek resistance of 
Glamour. 
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Tomatoes grown under normal cultivation methods gave 
7ields comparable to those grown under plastic. !his result 
was unexpected in view of superior plant establishment under 
plastic. Previous workers (6, a, 12) also had shown a 
marked superiority of plastic mulch. However, it may be ex-
plained by subsequent weed competition which appeared to be 
extensive in mulched plots. 
Herbicide application had no effect on early yield, 
indicating that the active material did not come in direct 
contact with plant roots. This laok: of yield difference 
also may reflect the eff eot of high rain.tall upon efficiency 
of Simazine. 
total yield For both varieties superior total 
yields were obtained from plants grown under normal cultiva-
tion praotioes (Tables 11 and 12). However, it is felt that 
plant yields in mulched plots might exoeed those in uncov-
ered plots if weeds adjacent to the edges o! the pla.stio had 
been eradicated. As previousl7 noted, weed growth was exten-
sive in this region and probably resulted in competition 
with tomato plants for soil moisture and nutrients. Pratt 
and Comstock (2') reported obtaining a 100 per cent increase 
in tomato yields in plots mulched with plastic. The sharp 
reversal noted in this experiment seems to support the 
existence of competition. 
The percentage of marketable fruit was higher under 
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Table 11. Effeo.t of herbicide treatment on total yields, 
in tons per acre, from plots of mulched and 
cultiva.ted,determinate and indetermina te toma-
toes 
Treatments. Plant typeb 
Plastic mulch Determinate 
Indeterminate 
Mean 
Cultiva ted Determina te 
Indeterminate 
Mean 
Determina te mean 
Indetermina te mean 
Mean for experiment 
Rate of active Simazine 
in pounds per acre 
0 3 6 Mean 
7.62 s .32 9.20 s.;a 
7.71 6.70 7.60 7.33 
7.66 7.51 8 .40 7.86 
14.60 10.85 12.45 12.63 
21.44 25.00 26 .26 24.23 
18.02 17.92 19.35 18.43 
ll.11 9.58 10.82 10.17 
14.57 15.85 16.93 15.78 
12.84 12.71 13 .87 13.14 
aL.s.n •• 05 between main plot me ans= 7.79. 
bL.s.n •• 05 between plant habit means= 2.51. 
!able 12. Effect of herbicide treatment on total marketable 
yields, in tons per acre, from plots of aulohed 
and cultivated, determinate and indeterm.ina:te to-
matoes 
Rate of active Simaaine 
b 
in iounds ;eer acres. 
Treatment Plant type0 0 
' 
6 Mean 
Plastic mulch Determinate 6.25 6.85 7.15 6.75 
Indeterminate 6.9:; 4.89 6.62 6.14 
Mean 6.59 5.87 6.88 6.45 
Cultivated Determinate 9.68 a.12 9.67 9.35 
Indeterminate 14.52 16.89 20.52 17.31 
Mean 12.10 12.80 15.09 13.33 
Determinate mean 7.96 7.75 8.41 e.05 
Indeterminate mean 10.72 10.89 13.57 ll.73 
Mean of experiment 9.34 9.32 10.99 9.88 
aL.s.n •• 05 between herbioide rate means within main 
plot = 2.11. 
bL.s.n •• 05 between main plot means• 4.7,. 
0 6 L.s.n •• 05 between plant habit means= .48. 
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plastic than under normal cultiva tion . This agrees with 
results obtained by Clarkson and Frazier (8). Such an in-
cre_a~e ].s partially explained by a reduction in fruit dis-
ease. A reduction in growth cracks also may be a factor, 
even in a susceptible variety such as Fireball. Since plas-
tic modifies soil moisture conditions, the incidence of' 
cracking due to fluctuations in available water might be 
reduced. Plants of the variety Glamour significantly out-
yielded Fireball both in total yield and total marketable 
yield. 
Indeterminate plants grown under cultiva tion on 
Simazine-treated plots at the six pound per acre r ate pro-
duced significantly higher total marke t able yields than did 
those grown in any of the other Simazine-treated plots 
(Table 12 ) . Since Si mazine did not appear to reduc e the 
weed population in these plots, the cause of this yield in-
crea se is not olear. Perhaps some inhibition of weed root 
growth was caused by the treatment which was refl ected in 
reduced competition with tomato roots . A similar yield re-
sponse was not observed in the determinate plants. 
Variance analys i s showed a significant first order 
interaction between plant habit and cultural trea t ment . The 
difference, in effect, between cultiva tion and mulching was 
much greater for the indeterminate plants than for the deter-
minate pl ants . Since the variety Glamour tends to flower 
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later than Fireball, it is possible that weed competition 
affected fruit set of indeterminate plants more severely 
than the determinate plants. The period of first set seems 
to be critical in terms of availability of moisture and 
nutrients. 
Fruit size The average size of fruit obtained 
from the cultiva ted plots was significantly greater than 
that of fruit grown under plastic. This was found with both 
varieties tested (Table 13) and also ref'lects competition 
between crop and weeds. Herbicide application had no meas-
urable effect on fruit size. 
Cost analysis Ultimately, the cost of production 
decides the cultural treatment to be used in tomato produc-
tion. If a superior technique adds more to the cost than 
can be offset by improved crop performance, the technique 
is not adopted. Black polyethylene plastic costs about one-
---- "- ------ - ·- ~ __ ,.,. 
half cent per square foot. An acre thus could be completely 
covered for 217.80. However, at a planting distance of 
6• x 3' it would be sufficient to cover about two-thirds of 
an acre, which would reduce the cost to $145.20. Emmert 
(12) oa.lou.lated that the l abor coat for l aying plastic is 
approximately 320 per acre. For commercial tomato produc-
tion, efficient mechanical means are available for l aying 
the mulch. In this instance the labor cost might be reduced 
to $2 per acre. It has been suggested by some workers that 
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Table 13. Effect of Simazine treatment on average fruit 
size, in ounces, from plots of mulched and cul-
tivated, determinate and indeterminate tomatoes 
Rate of active Sima zine 
in pounds per acre 
Treatment8 :Plant typeb 0 6 
Plastic mulch De t erminate 3.a2 5.27 4.03 
Indeterminate 5.14 4 .06 4 .93 
Mean 4.48 4.66 4 . 48 
Cultiva ted Determina te 4 .13 4.09 3.77 
Indeterminate 6 .23 .5.41 5.a5 
Mean 5.18 4.75 4.81 
Determi nat e mean 3. 97 4.68 3. 90 
Indeterminate mean 5.68 4 .73 5.39 
Mean for experiment 4 .82 4 .71 4 .64 
8 L.s.n •• 05 between main plot means= 0.13. 
b L.s.n •• 05 between plant habit means= 1.18. 
Mean 
4 . 37 
4 .71 
4 .54 
4.00 
5.83 
4 .91 
4 .18 
5. 27 
4 .72 
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plastic may be left in the field for use in a second or 
third year. The cost thereby oould be reduced to less than 
70 per aere. The efficienoy of continued use of plastic 
has not been established, however, and certain complications 
exist. It would be difficult to remove the old vines with-
out displacing the mulch. In addition, it would be impos-
sible to apply a fertilizer in subsequent years except as a 
foli age spray or starter solution. 
The cost of weed control between the plastic strips 
would vary considerably. Based upon the weed growth ob-
served in this trial the cost could reach $80 per acre, 
since hand labor is required. The exact amount would depend 
upon the season and nature of the weed problem. Some hand 
labor also would be required to weed around the plants. 
This hand labor might cos t up to $12 per acre. 
Records kept during this experiment indicated that com-
parable weed control by ma.chine and hand cultivation costs 
from ~226 .80 to $264.50 per acre. This cost included hand 
weeding between plants, an operation often omitted in a com-
mercial field. The oost analysis is presented in Table 14. 
It will be noticed tha t the cos t of weeding was greater for 
determinate than for indeterminate plants. This increased 
cost reflects a decrease in shading and consequent increase 
in number of weeds in plots of determinate plants . The ex-
pense of herbicide treatment was omitted from analysis, 
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Table 14. Comparison of average costs of produeing one 
acre of determina te and indetermina te tomatoes 
in mulched and cultivated plots 
Plastic mulch Cultiva tion 
Source Deter- Indeter- Deter- Indeter-
of oost minate minate minate minate 
Tilling 2.60 2.60 2.60 2.60 
Harrowing 1.08 1.08 1.08 1.08 
Material 145.20 145.20 
Laying 2.00 2.00 
Hoeing so.008 80.00 a 192.50 156.80 
Weeding 12.50 11.00 12.00 10.00 
Tractor 60.00 60.00 
cultivating 
Fertilizing 10.80 10 .80 10.80 10.80 
Spraying 22.45 22.45 22.45 22.45 inseotioides 
Harvestingb 40.50 36.84 56.10 103.86 
Total cost 317.13 311.97 357.53 367.59 
a.Estimation f or hoeing between plastic strips. 
bEstimation for harvesting total marketable yields. 
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since its application appeared to have no eff eot upon crop 
yield or upon control of weeds. 
The data presented in Table 15 indicate the superiority 
of producing toma toes under cultiva tion. Growing indetermi-
na te plants under cultivation realized the highest net 
returns. 
Table 15. Gross and net returns per acre from determinate 
and indetermina te tomatoes in mulched and culti-
va ted plots 
Gross Net 
Treatment Plant type Yield income profit 
Plastic Early 
muloh Determinate marketable $1,146.00 835.00 
Indeterminate 
" 
438.00 149.87 
Cultiva ted Determina te It 1,260 .. 00 920.77 
Indetermina te ti 348.00 73.83 
Pl as tic Total 
mulch Determina te marketable 1,306.00 988.87 
Indeterminate 
" 
l,070.00 758.03 
Cultivated Determinate It 1, 740 .• 00 1,382.87 
Indeterminate It 2,839.00 2,471 .41 
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DISCUSSION 
The success o:f pre-emergence herbicide applieation de-
pends upon a number of environmental f actors, particularly 
the frequency and amount of r ainfall. Heavy rain may result 
in leaching to the zone of plant roots, or in removal from 
the area through runoff. Although Simazine was chosen be-
cause of its reported high water insolubility, a high degree 
of retention was not demonstrated in any treatment. The 
cause of this l ack of retention was felt to be the abnor-
mally high r ainfall subsequent to herbicide application, 
resulting in an appreciable amount of soil erosion. The 
early growth of tomato plants did not reveal the type of 
herbicide injury noticed in the preliminary greenhouse ex-
periment. Weed seed germination did not seem to be sup-
pressed. It is felt, therefore, that the active ingredient 
was not present in sufficient concentration, following the 
excess r ainfall, to af f ect plant growth or to control weed 
population. 
The depression of plant growth and consequent reduction 
in yield observed in the mulched plots may-have been the re-
sult of weed competition. Weed germination had been exten-
sive during the l ast two weeks of May because of favorable 
moisture. Thes e weeds were not removed except in cultivated 
plots. During the following four weeks no rainfall was re-
ported, and unmulched plots became quite dry. It is felt 
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tha t higher soil moisture prevailed under plastic during 
this period. The roots of weeds growing between plastic 
strips may have dominated the area under plastic and com-
peted with root growth of tomato plants. This conclusion 
was supported by the results of an unrelated mulching trial 
in which those strips were kept weed free. In that instance 
mulched plots were superior . Shading may have contributed 
somewha t to this competition. However, the weeds were out 
down in July and the subsequent appearance of plants di d not 
ohange. The depression of plant growth may have resulted 
also from nutrient deficiency. Symptoms of such a defi-
ciency were noted throughout the summer. However, no soil 
or tissue analyses were taken to determine this , and the 
deficiency symptoms again could reflect weed competition. 
If competition were responsible for the differences ob-
served, a greater reduction in total yield than in early 
yield would be expected. This reduction did occur . It is 
theorized that competition became extensive during June. 
Normally at that time, the plants would have been flowering 
and setting fruit. Upt ake of nutrients would have been 
critical, and though the first several flowers might have 
set fruit, later flowers might have absciss ed under nutrient 
deficiency. Although. a complete fertilizer was applied in 
adequate amounts, it appeared that one or more major ele-
ments were not readily available to the tomato plants. The 
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evidence supports t he theory that there may have been a di-
rect competition with weed roots for water and minerals in 
the soil solution. These observations further indicate tha t 
eradication of weed growth between plastic strips is a neces-
sity, and tha t weed control is not satisfactory with plastic 
alone. 
Results of this experiment indica ted the superiority of 
machine and hand cultivation in toma to production. Early 
marketable yields and tota l marketable yields were notably 
above those of mulched plots. It i a not unexpected, there-
fore, that cultivation was found to be the most economical 
means of weed control. One exception was found when analyz-
ing costs and returns for early mar ke t able yields. In this 
analysis the indeterminate tomatoes grown under plastic were 
shown to give returns in excess of those g:rown under culti-
va tion. If the area between the plastic strips had been 
maintained weed free it is believed that the difference be-
tween the t wo cultural trea t ments might have been reversed. 
A reduction in spacing between plant rows might reduce the 
cos t of eradicating weeds between plastic strips . Another 
alternative would be the application of an herbioide between 
the strips. In this instance the choice of an herbicide 
might not be restricted by intolerance of the tomato plant 
since there would be little chance of direct root contact. 
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SUMMARY 
An experiment was conducted to study interact ion and 
main effects of cultivation, herbicide application, and 
black polyethylene plastic mulch on two types of tomato 
plants in terms of treatment efficiency, crop performance 
and production cos t. Preliminary greenhouse experiments 
showed decreasing intensity of plant injury as the elapsed 
days between trea tment and transplanting i ncreased for each 
rate of active Simazine. Field application was therefore 
in bands on each side of the crop row. The time of applica-
tion did not alter plant reaction sufficiently to warrant 
this type of trea tment in the field. 
The field experiment consisted of four replicates, eaoh 
divided into three main plots and six sub-plots. Blaak poly-
ethylene plastic, normal machine cultiva tion, and no cultiva-
tion or mulch comprised the main plot treatments. Within 
each of these, three rates of Simazine were appli ed to a de-
terminate variety and to an indeterminate variety of toma-
toes. The data included counts of the weed population and 
the total yield, early yield and fruit .size o:f the tomato 
crop. 
The results showed no practical differences in weed pop-
ula tion due to plant habit or due to herbicide appli cation. 
Weed control on a per plant basis was found to be superior in 
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mulched and cultivated plots. A significant increase in to-
tal yield for both varieties was noted in cultiva ted plots. 
It appeared that weed root growth competed with that of the 
tomatoes to cause inferior yield performance of mulched 
plants. The results in this trial, as analyzed on a dollar 
return basis, indicated the superiority of cultivated plots 
with no mulch. The necessity of weeding between the plastic 
strips to reduce competition and the effects of abnormally 
high r ainfall on activity of Simazine are discussed. 
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